Background: Past studies have shown that aspirin and statins decrease the rate and severity of exacerbation, the rate of hospitalization, and mortality in chronic obstructive pulmonary disease (COPD). Although these studies are relatively new, there is evidence that new therapeutic strategies could prevent exacerbation of COPD. Trial design: This article examines retrospectively the possibility of using aspirin and statins to prevent exacerbation and infection in patients with COPD. Methods: All patients with COPD were identified from hospital charts in the Department of Internal Medicine, Saarland University Medical Center, Germany, between 2004 and 2014. Results: The study examined 514 medical reports and secured a study population of 300 with COPD. The mean age was 69 ± 10 years (206 men, 68.7%, 95% CI, 63.4-73.9; 94 women, 31.3%, 95% CI, 26.1-36.6). The study results did not show a causal relationship between aspirin and statins and prevention of exacerbation and infection in patients with COPD. Conclusion: In contrast, in this study, the exacerbation and infection rates increased under medication with aspirin and statins (p = 0.008).
Introduction
Chronic obstructive pulmonary disease (COPD) is a preventable disease with additional pulmonary effects that may significantly influence its severity. The pulmonary component is characterized by airflow obstruction that is not fully reversible. The airflow limitation is usually progressive and is associated with a pathological inflammatory response of the lungs to noxious particles or gases. 1, 2 Pathological characteristics of COPD are inflammation of the small airways, called bronchiolitis, and damage to lung parenchyma resulting in emphysema. 2 Clinical symptoms of COPD are coughing, sputum, and dyspnea. COPD can be categorized as mild, moderate, severe, and very severe depending on airflow limitation as measured with a spirometer. 3 COPD is a chronic disease whose clinical progression may be characterized by exacerbation caused by unexpected factors worsening beyond probable daily deviations. 4 Exacerbations have medical and predictive relevance, and they may result in marked functional and practical worsening. Preventing exacerbations and treating them appropriately are the main means of reducing morbidity. 4 Statins are hypolipemic medications with a recognized usefulness for avoiding cardiovascular diseases. Statins have anti-inflammatory effects in addi-
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International Publisher tion to cholesterol-lowering properties. Observational studies have revealed that statins may be beneficial in reducing mortality from COPD. In addition, experimental studies on animals have demonstrated that statins have anti-inflammatory effects on lung tissue. 5 Statins have been related to decreased hospitalizations due to COPD, indicating the possible advantageous effects of statins in patients with COPD. 6 This new proposal suggests that statins have favorable effects on patients with COPD, which is a continuing inflammatory process. 6 Treatment with aspirin has been linked to lower mortality rates in patients with COPD, 7 and aspirin has been reported to play a protective role in patients with COPD. 7 A good outcome was found in patients with systemic inflammation who were treated with anti-platelet medication. 8 These patients with COPD and pneumonia had shorter hospital stays and reduced need for intensive care. 8 Recent insights into the relationship between COPD and the use of aspirin and statins raise new questions. The present study was conducted to determine the possible benefits of aspirin and statins in preventing inflammation and reducing exacerbation in patients with COPD. The study reviewed database records of patients with COPD in the Department of Internal Medicine, Saarland University Medical Center, Germany. COPD was classified using the International Classification of Diseases (ICD). Patients were treated from 2004 to 2014. This study sought to clarify whether patients with COPD treated with aspirin and statins had fewer infections and exacerbations compared to patients who took neither aspirin nor statins. In addition, the study examined the influence of COPD severity on the prevention of inflammation and exacerbation by using aspirin or statin.
Material and methods

Patients
This observational study examined retrospectively the amount of inflammation and number of exacerbations in patients with COPD with and without aspirin and statin use. The study used hospital chart data from the Department of Internal Medicine of the Saarland University Medical Center from 2004 to 2014. Patients with COPD were selected according to their family name by alphabetical ranking. The first 318 patients with COPD were included by alphabetical ranking according to their surnames in this study ( Figure 1 ). Eighteen cases of patients' medical data were excluded because some patients occupied more than one group at the same time point during the study depending on newly identified indications or the discontinuation of aspirin and statins over the 10-year study period. Patients with COPD were categorized into four study groups: using aspirin, using statins, using aspirin and statins, and using neither aspirin nor statins. Care was taken that each study patient was grouped in only one study group for the entire study period. Indications for treatment with aspirin or statins were coronary artery disease, prior stroke, peripheral arterial occlusive disease, atrial fibrillation, deep vein thrombosis, hypercholesterolemia, and hyperlipidemia. This study's hypothesis requires that all periods of use and non-use reduce the frequency of infection. Accordingly, the researcher tracked at least one patient in each of the four study groups for the duration of the study period, depending on indications for administration of aspirin and statins or after discontinuation of aspirin or statins for various reasons. In all four study groups, the population was mixed in terms of age.
The infections investigated included acute exacerbations of COPD (ICD J44.0-J44. 19 ), respiratory infections (ICD J20-J22), pneumonia (ICD J13-J10), acute urinary tract infection (ICD N39.0), erysipelas (ICD A46), sepsis (ICD A40.0-41.9), and other unspecified infections (ICD B99).
COPD symptoms were classified as an ongoing cough or a cough that produces a significant amount of mucus; shortness of breath, especially with physical activity; wheezing; and chest tightness. The diagnosis of manifested COPD was made with medical history, clinical examination, and lung function, as tested by bronchospasmolysis. COPD was diagnosed in the study population after discharge from the hospital. In each case, COPD was classified according to the latest edition of the ICD (ICD J44.0-J44.9).
To confirm the COPD diagnosis, all patients underwent spirometry. The mechanical properties of the lungs and lung volume were measured using body plethysmography (JAEGER ® , MasterScreen™ Body, Germany). The inclusion criteria for the study were that patients with COPD had a history of inflammatory disease and exacerbations and had been examined with spirometry. The study excluded patients with COPD who had not been subjected to a lung test. The following were the inclusionary parameters of body plethysmography: forced expiratory volume in the first second (FEV1), vital capacity (VC), and Tiffeneau index (FEV1%VC). A COPD diagnosis was based on lung function parameters only, according to the guidelines in the 2010 version of The Global Initiative for Chronic Obstructive Lung Disease (GOLD). 9 COPD was identified mainly by a decrease in forced expiratory volume in one second and forced vital capacity ratio < 70% post-bronchodilators. According to the GOLD expert panel, COPD is classified into five stages, ranging from 0 to 4. According to GOLD, only stages 1 to 4 were considered for this study, because stage 0 (at risk) would comprise individuals with productive coughing and normal lung function. Mild COPD (GOLD 1) is defined by FEV1 ≥ 80%, moderate COPD (GOLD 2) by FEV1 of between 50% and 80%, severe COPD (GOLD 3) by FEV1 of between 30% and 50% predicted with or without chronic symptoms of cough and sputum production in stages 1 through 3, and very severe COPD (GOLD 4) by FEV1 ≤ 30% predicted and chronic respiratory failure. Chronic respiratory failure was classified as long-term hypoxemia caused by low blood oxygen levels or long-term hypercapnic respiratory failure due to high carbon dioxide blood levels.
C-reactive protein (CRP) in human serum and plasma was measured continuously after a sample collection in lithium heparin SARSTEDT Monovette® 4.7 ml (orange top) using a standard immuno-turbidometric assay on the COBAS® INTEGRA system (the normal value is < 6 mg/L). Blood leukocyte count (normal range 4.000-10.000/µL) generally was carried out as a routine part of small or large blood counts after collection in EDTA Monovette® 2.7 mL with flow cytometry.
Cardiovascular risk factors and acute and chronic comorbidities were analyzed in the four study groups. Comorbidity was considered the presence of one or more additional disorders existing simultaneously with a primary disease. The additional disorder may also be a behavioral or mental disorder. The inhalation therapy with salbutamol and atrovent was compared with systemic corticosteroid treatment among the four study groups.
Length of hospital stay was compared among the four study groups. The cumulative days were represented in the hospital stay of each individual patient over the 10-year period. The number of deaths during hospitalization was determined in each of the four study groups. Survival analyses were calculated by the day of discharge from the hospital after the number of deaths occurred based on the total number of patients in each group using the Kaplan-Meier method.
Ethics statement
All patients' data were anonymized before analysis. Saarland's Institutional Review Board approved the study. Due to the retrospective nature of the study protocol, the Medical Association of Saarland's Institutional Review Board waived the need for informed consent. Written informed patient consent was waived because of the retrospective analysis of the patients' medical records.
Statistical analysis
Wherever appropriate, data are expressed via proportion, mean, and standard deviation. Ninety-five percent confidence intervals (CIs) were calculated for sex differences and patient deaths in each of the four groups. For medication with aspirin and statins, odds ratios were calculated for the likelihood that aspirin and statins prevented acute exacerbation of COPD or infection in patients with COPD. A chi-square test for four independent standard normal variables of two probabilities was used to compare sex difference, stages of COPD according to GOLD classification, infections, and indications for medication with aspirin and statins, medical treatment of patients with COPD, and deaths. One-way analysis of variance (ANOVA) for independent samples was performed to compare age differences, lung-function differences, and duration of hospital stays among all test groups, cardiovascular risk factors, and acute and chronic comorbidities. Survival rates for the four groups were calculated using the Kaplan-Meier method. All tests were expressed as two-tailed, and a p value of <0.05 was considered statistically significant.
Results
This study followed 300 patients with COPD who had been treated at the Department of Internal Medicine, University Hospital of Saarland, Germany, from 2004 to 2014. The database included 514 medical reports for 300 patients with COPD. Those who met the inclusion criteria for the study had a mean age of 69 ± 10 years (206 men, 68.7%, 95% CI, 63.4-73.9; 94 women, 31.3%, 95% CI, 26.1-36.6). Eighteen cases of patients' medical data were excluded because some patients occupied more than one group at some time during the study, depending on newly identified indications or the discontinuation of aspirin or statins over the 10-year study period. In all, 64 (21.3%, 95% CI, 0.17-0.26) patients with COPD were treated with aspirin, 12 (4%, 95% CI, 0.02-0.06) patients were treated with aspirin and statins, 51 (17%, 95% CI, 0.1-0.2) patients were treated with statins, and 173 (57.7%, 95% CI, 0.5-0.6) patients were treated with neither aspirin nor statins (Table 1) .
There were gender differences in the patients with COPD who were either taking or not taking aspirin or statins ( Table 1 ). The male sex was more common in all study groups. The age of the patient was statistically significant, for those taking and those not taking aspirin or statins (p = 0.026; Table 1 ). Study results indicated no link between anti-infection effects and aspirin and statin use ( Table 2 ). In contrast, the study found about a three-fold risk of infection among patients with COPD who took statins, which is statistically relevant (p = 0.0001; Table 2 ). The risk of infection for patients with COPD who took aspirin was not increased (p = 0.382; Table 2 ). In addition, combining aspirin and statins did not have a positive effect on preventing acute exacerbations or infections (p = 0.136; Table 2 ). Conversely, the study detected an elevated number of acute exacerbations, acute urinary tract infections, and total number of infections in those who took and those who did not take aspirin and statins (p < 0.01; Table 3 ). Aspirin and statins were prescribed mainly for coronary artery disease (Table 4 ). There were marked differences in the GOLD stages for COPD and lung function among those in the study groups who were taking and those who were not taking aspirin and statins (Table 5) . A comparison of inflammation values revealed no significant differences among the four study groups ( Table  6 ). The duration of hospitalization did not differ among the study groups taking or not taking aspirin and statins (p = 0.478; Table 1 ).
Although hypertension occurred in most study patients, a statistical significant difference was not observed among the cardiovascular risk factors in the four study groups (Table 7) .
A marginal statistical difference was found between kidney diseases mainly among the aspirin, statins, and aspirin and statins groups (Table 8) . After chronic diseases were compared, statistically significant differences were detected between gastrointestinal, genitourinary, orthopedic, and psychiatric disorders between the groups (Table 9 ). Most patients with COPD who experienced pneumonia and exacerbations received inhalation therapy with salbutamol and atrovent without statistically significant differences between the study groups (Table 10 ). Systemic steroid therapies were not performed in most patients with COPD with a statistically significant difference (Table 10) .
Three (4.7%, 95% CI, -0.005 to 0.1) patients with COPD who took aspirin died, no patients who took statins died, one (2%, 95% CI, -0.02-0.06) patient who took aspirin and statins died, and eight (4.6%, 95% CI, 0.01-0.08) patients who took neither aspirin nor statins died; none had statistical significance (p = 0.727). Since there was no statistical relevance, the reasons for the deaths were not examined in detail. The survival rate was 95.3% (95% CI, 0.9-1) in patients with COPD who took aspirin, 100% (95% CI, 1-1) in patients with COPD who took statins, 98% (95% CI, 0.9−1) in patients with COPD who took aspirin and statins, and 95.4% (95% CI, 0.9−1) in patients with COPD who took neither aspirin nor statins.
Discussion
In this study, the number of acute exacerbations and infections increased in patients with COPD who took aspirin and statins compared with those who took neither aspirin nor statins. According to these results, aspirin and statins do not prevent exacerbation and infection in patients with COPD.
Aspirin inhibits thromboxane-dependent platelet activation. 10 Aspirin permanently inhibits cyclooxygenase (COX-1) on platelets, thus decreasing thromboxane A2, an effective vasoconstrictor anti-platelet activator. 11 Aspirin has been used in primary and secondary prevention of coronary artery disease. In this study, aspirin and statins were prescribed mainly to patients with coronary artery disease. It is well-known that anti-platelet therapy with aspirin decreases the frequency of adverse cardiovascular events in patients with acute coronary syndromes. [12] [13] [14] [15] Pre-operative use of aspirin and clopidogrel was reported in a previous study that found increased risk of infection after coronary-artery bypass surgery. 16 This discovery spurred further investigations to clarify the dangers and benefits of uninterrupted dual anti-platelet therapy in post-operative patients and the influence of platelet inhibition on infections in patients at increased risk of infection.
Aspirin can exacerbate respiratory disease. [17] [18] [19] Regardless of aspirin use to prevent adverse cardiovascular events, possible resistance to the drug aspirin has been reported. 20 However, this study did not find exacerbation of respiratory disease or resistance to aspirin.
Aspirin has anti-aggregating and anti-inflammatory effects. 21 Summarized data showed that pneumonia may generate acute coronary syndrome as a consequence of inflammatory responses and pro-thrombotic changes in patients with pneumonia. Therefore, one study examined the use of aspirin to reduce the risk of acute coronary syndrome in patients with pneumonia. 21 In addition; aspirin may be useful for the primary prevention of acute coronary syndrome in patients with pneumonia. 21 A study has shown that aspirin was advantageous in decreasing acute coronary syndrome and cardiovascular mortality in patients with pneumonia. 20 Another study examined the correlation between acute respiratory infection and acute coronary syndrome in patients with infection and acute coronary syndrome considered to be caused by platelet aggregation or aspirin failure. 22 Patients with urinary tract infections and pneumonia had more aggregates than did patients without an infection. 22 Aspirin failure was more common in patients with pneumonia than in those without an infection. The CRP values of the study patients were independently connected with platelet aggregation and aspirin failure. 22 Infection during acute coronary syndrome led to more obvious platelet aggregation. Aspirin failure was found more often in patients with pneumonia. The study also found that CRP was a neutral predictor of platelet aggregation and aspirin failure in the context of an acute coronary syndrome. 22 In the present study, CRP values and leucocyte counts increased unremarkably in the study population. However, platelet counts were not investigated further.
Sepsis is an acute inflammatory illness associated with notable morbidity and mortality. Due to the absence of special, established therapies for sepsis, avoidance is of great importance. Secondary to their pleiotropic effects, statins have been recognized for their role in preventing non-atherosclerotic disorders. In addition, platelets play an important part in the inflammatory cascade of sepsis. Data indicate that anti-platelet therapy with aspirin may reduce platelets' undesirable effects. 23 In addition, previous studies have showed that patients who use statins have reduced incidence of sepsis. 23 Since aspirin and statins have special effects on the immune system and inflammatory pathways, they may be sustainable medical alternatives for preventing sepsis and cardiovascular disease. 23 However, the present study detected little sepsis in patients with COPD who either took or did not take aspirin or statins. Therefore, the use of aspirin and statins to prevent sepsis and septic shock cannot be confirmed.
One previous study postulated a decreased risk of COPD exacerbations with statins. 24 Statins have various anti-inflammatory effects in addition to their lipid-lowering capacity. Another study examined the number of COPD exacerbations and intubations in patients who took statins. 25 Patients with COPD who took statins had fewer exacerbations and intubations than patients with COPD who did not take statins. 25 Another study of patients with COPD examined the role of statins on the outcome of exacerbations and found that statin treatment was associated with a lowered risk of exacerbations. 26 A randomized, controlled study of simvastatin versus a placebo examined simvastatin's role in preventing COPD exacerbations, 27 and showed that the mean number of exacerbations per person-year was similar in the simvastatin and placebo groups. In addition, the median number of days before the first exacerbation was similar. In both groups, the number of nonfatal, serious, adverse events per person-year was similar. There were nearly similar numbers of deaths in the placebo and simvastatin groups. Simvastatin did not influence exacerbation rates or the time before the first exacerbation in patients with COPD who were at high risk for exacerbations. 27 This study's results were similar to those of the present study, which found no connection between statin use and the reduced rate of exacerbations. Quite the contrary, the risk of exacerbation increased in patients with COPD who took statins. However, the mortality rate in patients with COPD who took aspirin and statins was lower compared to patients with COPD who took neither.
Study limitations
This study investigated only patients with COPD in the Department of Internal Medicine, not other parts of the hospital. The study did not include data on any treatment for exacerbations in study population members performed in other hospitals. Indications for the use of aspirin and statins changed in various cases during the study's 10-year observation period; therefore, some patients were not evaluated in more than one study group. The study did not investigate in detail reasons for discontinued use of aspirin or statins. Patients who were classified as nonusers of aspirin and statins could take the medications from primary care outside the hospital or from other medical departments in the hospital. Patients identified as those without COPD exacerbation or infection could encounter these events either in primary care outside the hospital or in other medical departments in the hospital. Important confounders were not taken into account, which might cause a spurious observed association. This study examined only the crude relationship between statin, aspirin use, and the risk of infection, without considering the imbalanced COPD severity and other important confounders such as comedications that might be relevant to infection.
Conclusions
This study was not able to confirm a decreased incidence of exacerbation in patients with COPD treated with aspirin or statins. Study data did not show that the anti-inflammatory effects of aspirin or statins reduced exacerbation or infection rates in patients with COPD.
